By comparing the quantity of Sfps present in males before and after mating we can infer Sfp transfer to females during copulation (25). Overall, we again found that the abundance of Sfps transferred decline in unmated males ( Figure 2D-F 
122
Together these results suggest that a distinct set of Sfps accumulates with age in the absence of 123 mating, resulting in compositional change of the seminal proteome. In contrast, the abundance and 124 transfer of Sfps is maintained with age in the presence of frequent mating, which, given that their 125 striking decline in ejaculate performance, indicates that quantitative Sfp effects do not cause 126 ejaculate senescence in these males.
128
Next, we performed Western blot analyses for six Sfps of known functional importance to look for 129 evidence of qualitative changes related to age and mating history. For each Sfp tested, our proteomic 130 data, which are based on trypsin-cleaved peptides, indicate either an age-related increase in tested (Acp70A [sex peptide], Acp36DE and CG9997; Figure S4 ). Together, these results indicate phenotypes in females mating with old males (32).
149
Finally, we investigated whether the previously-identified sperm-protecting function of seminal fluid
150
(33) declines with age and frequent mating. Using SYBR-14 and propidium iodide fluorescent 151 staining, we measured the effects of seminal fluid on the survival of sperm from a different one-152 week-old male. However, we found no evidence that age or mating history compromises the ability
153
of seminal fluid to keep sperm alive ( Figure S5 ).
155
Age and mating effects on sperm
156
Consistent with previous evidence of declining rates of spermatogenesis with age in flies (34), we
157
found that the number of germline cysts in the final individualization stage of spermatogenesis (35) 158 declines substantially as males age. Strikingly, this decline occurs at indistinguishable rates in 159 unmated and frequently mated males. This suggests that males undergo a chronological decline in 160 sperm production which is unaffected by mating activity ( Figure 3A ). This finding is surprising given 161 that sperm production rate is known to be malleable; for example, males elevate sperm production 162 in response to the presence of rivals (36), and testis germline stem cell maintenance responds 163 plastically to nutrition (37).
165
In the absence of mating, the size of the seminal vesicles (where mature sperm are stored) increases 166 in unmated males, but decreases in frequently mated males ( Figure 3B ). This suggests that, like
167
Sfps in the accessory glands, sperm stores accumulate in unmated males, despite the declining rate 168 of sperm production. However, in contrast to Sfps, males are unable to sufficiently replenish sperm 169 when they mate frequently throughout life, leading to depletion of sperm stores and high incidences 170 of no sperm being found in the seminal vesicles ( Figure 3C ). Frequently mated males also have sperm quality ( Figure 3D ). As might then be expected, we found a significant reduction in the number of sperm present in sperm storage organs (seminal receptacle and spermatheca) of females mated
The fact that Old-F males are sperm-depleted, but show no evidence of decline in Sfp quantity,
178
indicates a mismatch develops in the relative capacity to produce sperm and Sfps. In the short term,
179
when males mate several times in rapid succession, seminal fluid rather than sperm is thought to 180 limit fertility in male Drosophila and other insects (38, 39), but our data show that over the long term,
181
Sfp replenishment capacity remains strong and is little affected by age. However, our data clearly
182
show that non-sperm components of the ejaculate also contribute to the loss of ejaculate 
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Acp26Aa and Semp1 Western blots, in 1w and 5w old unmated (U) and frequently mated (F) males.
357
The abundance of each protein is predicted from the proteomic data and illustrated as a heatmap.
358
Each lane is an individual male. All blots are shown in Supplemental Figure S4 . 
